Rationale: Rod breakage after occipitocervical fusion (OCF) has never been described in a patient who has undergone surgery for basilar invagination (BI) and atlantoaxial dislocation (AAD). Here, we present an unusual but significant case of revision surgery to correct this complication.
Introduction
Occipitocervical fusion (OCF) is an effective surgical treatment for trauma, inflammation, tumor, and congenital diseases of the spine, and also iatrogenic factors leading to occipitocervical instability. [1] [2] [3] In the treatment of occipitocervical diseases such as basilar invagination (BI) and atlantoaxial dislocation (AAD), OCF has produced satisfactory clinical results. [4] [5] [6] However, rod breakage is a common complication after spinal fusion surgery. In their study, Smith et al [7] found a global incidence of symptomatic rod breakage of 6.8% in adult patients who underwent corrective surgery for spinal deformities. Okamoto et al [8] reported an implant failure rate of 4.2% (6/142) after posterior cervical spine fusion, including occipital plate fracture, disassembly of the pedicle screw and rod, and breakage of Magerl and cervical pedicle screws. However, there have been no reports of rod breakage after the treatment of these conditions or in BI with AAD after occipitocervical fusion. In this report, we present a case of revision surgery in a female patient who experienced rod breakage after occipitocervical fusion.
Case report
We present the case of a 32-year-old woman who was diagnosed with BI and AAD. She remained untreated until the spinal cord compression became sharply worse, causing unstable walking and severe neck pain. At her first outpatient visit, plain cervical radiographs showed the following in the sagittal plane: a 9.5-mm distance from the odontoid tip to Chamberlain line and an atlasdens interval (ADI) of 7 mm (Fig. 1) , suggesting the need for surgical correction.
After the patient was hospitalized, further examination showed obvious neck tenderness, increased muscle tension in the lower limbs, and hyper-reactivity of knee and ankle flexion. The pathologic sign was positive.
On imaging examination, x-ray showed the odontoid in a high position, and also atlantoaxial dislocation. Flexion and extension plane ADI were 8 and 6 mm, respectively. The occipital-C2 angle (OC2A) and posterior occipitocervical angle (POCA) were 5.1and 130.6 degrees, respectively. Cervical 3-dimensional (3D) computed tomography (CT) reconstruction indicated an atlanto-occipital malformation and C2-3 fusion, leading to difficulty in locating the tangent of the inferior aspect of C2. We replaced the inferior aspect line of C2 by C3 order to measure OC2A, because these lines are parallel in sagittal CT reconstruction (Fig. 1) . Magnetic resonance imaging revealed a cervicomedullary angle of 135 degrees. On April 11, 2012, posterior correction, fixation, and fusion were performed as follows: under general anesthesia, satisfactory restoration of the upper cervical dislocation by strong (8 kg) cranial traction; full exposure of the C1-4 bilateral vertebral lamina and bilateral occipital parts of about 3 cm. Four occipital screws were implanted in the bilateral occipital plate and lateral mass screws were implanted in each vertebra (C3, C4). Suitable rods were molded into a normal spinal curve using a plate bender. A cantilever technique was used during rod installation. Posterolateral and occipital plate bone graft fusion was performed with autogenous bone. The bleeding volume was approximately 200 mL and somatosensory evoked potentials were elicited during the operation. The cervical neutral sagittal plane postoperatively and soon after surgery with ambulation showed an occipitocervical angle with an OC2A and POCA of 4.0 and 121 degrees, respectively. The distance from the odontoid tip to Chamberlain line was reset to 4 mm with an ADI of 4.5 mm. Bone graft fusion in the occipital plate and facet joints was good, but it was poor in the region of the occipitocervical junction. At the 13-month postoperative followup, cervical kyphosis was found in the sagittal plane (Fig. 2) . Relative clinical efficacy and occipitocervical angle parameters are shown in Table 1 .
On October 15, 2014, although she had not experienced any trauma, the patient had increasingly severe neck pain (beginning in the previous month). She then returned as an outpatient, and cervical plain radiographs showed right rod breakage in the region of the craniocervical junction; at that time the distance from the odontoid tip to Chamberlain line was 10.5 mm. Cervical 3D CT reconstruction showed poor fusion of the bone graft (Fig. 3) . We then suggested that the patient undergo revision surgery. Table 1 Parameters and clinical efficacy of patient. 
On October 18, 2014, a posterior revision was performed. First, the broken rods were removed. Second, suitable rods were installed and the balance of the craniocervical junction was restored. Third, cortical bone was removed and prepared for grafting, whereas unicortical iliac bone graft struts and-after meticulous decortication and resection of the articular cartilagemorcellized bone chips were placed on laminae, facet joints, and occipital bone. Spinal cord monitoring was performed during surgery. The bleeding volume was approximately 300 mL. During surgery, we discovered a rod breakage in the region of the occipitocervical junction, atlanto-occipital joint instability, and failure of the initial fusion. Plain radiographs showed the following in the sagittal plane: satisfactory reduction in the atlanto-occipital region, with OC2A and POCA angles of 9.5 and 117.8 degrees, respectively (Fig. 4) . At the 37-month follow-up after the second operation, the hardware was in good condition and the cervical lordosis was significantly intact (Fig. 4) . A satisfactory clinical outcome was observed. The relative parameters are listed in Table 1 .
Discussion
In 1910, Pilcher [9] first reported treatment of an atlantoaxial dislocation by occipitocervical fixation surgery. Subsequently, in 1927, Forrester described atlantoaxial and occipitocervical fusion for an unstable odontoid fracture with a fibular onlay graft, which led to satisfactory clinical results. With increasing research on occipitocervical fusion, there have been many reports of complications, such as postoperative neck stiffness, axial pain, dysfunctional neck movement and dizziness, severe dysphagia, and dyspnea. [10] [11] [12] [13] [14] [15] In long-term follow-up, the loss of lower cervical lordosis and acceleration of degeneration, even the failure of implants, have been suggested. [1, 8, 12] At present, many reports indicate that improper OC2A angles in occipitocervical fixation and fusion can affect clinical efficacy and accelerate degeneration of the lower cervical spine. [16] [17] [18] [19] [20] Therefore, it is imperative that such a nonideal occipitocervical angle should be avoided, as it can lead to breakage of the implants after occipitocervical fusion.
Although posterior occipitocervical fusion using screw-rod devices has become a popular technique for the treatment of spinal instability or deformity, no studies have discussed rod breakage following the use of these devices. Many researchers have reported on the factors leading to rod breakage after pedicle subtraction osteotomy (PSO). According to the authors' experience, both insufficient correction of the sagittal plane and great instability at the PSO level-due to the combination of posterior bony discontinuity and anterior mechanical imbalance-may create a massive concentration of stress, causing fatigue fracture of the implant. [21] [22] [23] Okamoto et al [8] reported that bone fusion is by far the most important factor in preventing implant failure. Berjano et al suggested that insufficient correction leads to sagittal imbalance and increased mechanical stress on the posterior implant. Tensile forces through the posterior graft cause bone resorption and reduce the chance of obtaining solid fusion. [24] However, the case described here represents an exception-rod breakage after occipitocervical fusion. The patient had symptoms of neck pain and unstable walking before first operation, with visual analog scale (VAS), Japanese Orthopaedics Association Score (1975, JOA), and neck disability index (NDI) of 6, 15, and 13, respectively. The patient was clearly diagnosed as having BI and AAD; occipitocervical fixation and fusion were then performed, establishing an OC2A of 4.0 degrees and a POCA of 121.0 degrees. The increasingly severe neck pain (not due to trauma), however, seriously affected the patient's quality of life after 31 months postsurgery. In particular, the right-sided connecting rods broke at the level of the occipitocervical junction. The distance from the odontoid tip to Chamberlain line increased to 10.5 mm (it was 4.0 mm after the first surgery), and subaxial cervical instability in flexion-extension increased. These findings demonstrate a serious loss of balance and vertebral instability in the region of the occipitocervical junction and cervical sagittal plane. We were puzzled as to the cause of the rod breakage. Was it just a simple matter of poor fusion of the bone graft? What is the ideal occipitcervical angle? Is it OC2A 4 degrees and POCA 121.degrees? Wang et al [25] have indicated that the position of fixation of the OC2A, to maintain the balance of the craniocervical region and decrease the long-term effects on the middle and lower cervical vertebrae, should be in the range of 9 to 22 degrees during occipitocervical fusion. Riel et al [26] suggested that 80% of the POCA value should be between 101 and 119 degrees for normal individuals.
Insufficient correction may have been the most important factors causing the rod to break. It has also been reported that a nonideal correction can lead to sagittal imbalance and increased mechanical stress on the posterior implant after PSO. On the contrary, stress concentration through the posterior graft can cause bone resorption and reduce the chance of obtaining solid fusion. Rod breakage, as a consequence, occurred at the point of stress concentration and the area of poor bone graft fusion. In this case, the patient's imbalance of in the occipitocervical region was corrected with an OC2A of 4 degrees and a POCA of 121 degrees in the first surgery. Poor bone graft fusion in the area of the occipitocervical junction and instability in the lower cervical region became evident at the postsurgical follow-up. Furthermore, subaxial kyphosis and an unsatisfactory clinical outcome were observed. Yoshida et al [13] found that there was a negative correlation between DO-C2 (change in the OC2A) and Dsubaxial lordosis angles (change in subaxial lordosis), suggesting that care must be taken to avoid excessive OC2A correction, since this might induce a mid-to lower cervical compensatory decrease in lordosis. Berjano et al [24] concluded that the various methods of compensating for imbalance were not sufficient to free patients from pain because muscular fatigue causes pain over the long term, and the progression of sagittal imbalance can lead to the mobilization or breakage of the implant.
Our patient, whose hardware remained in good condition, obtained a satisfactory clinical outcome, and the cervical lordosis had not been lost at 37-month follow-up postrevision. During the second operation, full bone graft fusion was achieved by unicortical iliac bone graft struts and morcellized bone chips. In addition, the OC2A and POCA were corrected to 9.5 and 117.8 degrees, respectively. Whether a nonideal OC2A and/or POCA will increase the incidence of adverse events postoperatively remains uncertain. There is a lack of information in the literature on this subject. In our opinion, a nonideal angle of the OC2A and/ or POCA, establishing occipitalcervical imbalance and a concentration of stress, was the most likely reason for the rod breakage in our patient. On one hand, good bone graft fusion at occipital scale, laminae, and facet joints, expect the region of occipitocervical junction. On the contrary, the VAS (2), JOA (16) , and NDI (7) were better than at follow-up after the first operation. In addition, there was no cervical kyphosis or instability at follow-up after the revision surgery. We are confident that the risk can be reduced if this last consideration is kept in mind. We are, in fact, gratified to note that in recent years more and more researchers are paying close attention to the influence of the occipitocervical angle. Unfortunately, there is no clear gold standard for establishment of the ideal occipitocervical angle for occipitocervical fusion. Further study will have to focus on the angles that may cause failure, including both the OC2A and POCA.
Conclusions
In conclusion, as is commonly recognized, bone graft fusion is an important factor in preventing implant failure. Furthermore, we hypothesized that a nonideal occipitalcervical angle, a key factor in implant failure, could lead to occipitocervical imbalance and thus concentrate stress at in the region of the craniofacial junction. We suggest that it is necessary and important to give close attention to the positions of the fixed occipital bone and axis during procedures of occipitoaxial fusion.
